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ABSTRACT 
The effects of seven levels of molybdenum (Mo) supply on growth, 
distribution and redistribution of Mo in black gram cv. Regur on a Mo 
deficient acid soil were examined in a glasshouse experiment. Seed of Mo con-
centration 17 4 Mg Mo/g dry matter was used. 
At the three lowest Mo rates, plants showed N deficiency symptoms 
typically induced by low Mo supply in legumes. Nitrogen deficiency symptoms 
depressed whole shoot dry matter. Increasing the Mo supply increased Mo 
concentrations in all plant parts. In the leaf blades of plants at allgrowth 
stages, the increases were smaller over the three lowest rates of Mo supply: 
further increases in the Mo supply markedly increased the concentrations of 
Mo in all leaves, Particularly in the recently matured leafblades (YFELb and 
YFEL-1 b). In addition. in petioles, the concentrations of Mo exceeded those in 
the blades which they supported at all levels of Mo supply. In Mo-adequate 
plants, the concentrations of Mo were higher in the stems than in the petioles and 
higher in the -petioles than in the blades. Molybdenum concentrations in the 
nodules were higher than in the above ground plant parts except at the high 
levels of Mo supply where the concentrations in the basal stem exceeded those in 
the nodules. The mobility of Mo in the phloem appeared to vary with plant parts 
and the Mo supply. For example, in Mo-adequate plants, there was no net 
loss of Mo 
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from the unifoliolate leaves but there was a net loss of Mo from the YFELb. 
By contrast, there was no net loss of Mo from severely Mo-deficient plants. 
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~l'Hl~G'Ilr.JLnihnJr:J-!J macronutrients 1'11u1~'YI~tl·;m11111fl Mo ll'uu:hUG'!-!J1u 8 • 
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..J .,) 1- " .. ..J .. .J "' • ... • "" 
tJ113JV11~l~'YI 2 LWfl 'lf1Lfl'il~'VI'VI1 Mo W'lf'YIL'VI(;Ifl'VI'U~tJJ'U'l.lfl-!JLLtJIG'I~fl'i~m~~~VIl'l'VIl~~lfll'l'U 
1 'lf3J. 1il'lf1Lfi~1~,..('V111'U ltJJ'iL~'U a1'VI~lJ'ilfl'l.lr:J-!JYJ'lfa1-!Jli11mhtJ'i~tf1tJJ13Jli11mhmtu LLtlfl 
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1 . .J ''1' .,k o;;.J "'"'"' Uml1J'YILLnf111 Uflfl1J 'YJ LVILVIJJ'YI 'V11J'Ifl1J~1J 
1ur:ir:tu.ffiVIL~2J~ 
1 . .J, '1' .J.; o;;.J "'"'"' U fl fl1J'Yifl fl1Jf111 Uti fl1J'YI LVI LVIJJ'YI 'V11J'I fl1J~U 
011J1U'llfl'l1'll~~'l"lf~LL'm • 
"' 1 1 .. .J 011J U'llfl'l U~'i'l"lf~'Yiiifl'l • 
011J1U 'llfl'I1U YFEL+l 
n1u1u 'llu'l1u Yl<""EL 








ri11Jt1fl~a1~\J~::.:l111~ lJL il~ TFl b 
Gl11J'llfl'ltl:J.J..t'l'i~UU'ilfl 
... .,j ... ... ... 
* 'VIJJlatN LJJfl'W"lffllU 28 11J TF~!b LLa~ TF2P Afl YFELb ua~ YFELP • 
r.Jan1'lfl~iteH 
1. fl101'i 1~aGf'l LnVI~fllU 18 l1J'VI rr'l~lntlan nl'iL~~fliL~U 1VILLa~ID2JlW 1u 1VI'lL~1J . ~ ·~ 
i'J"lf~1~~UiJU 'i~~U Mo-O 0'1 M0-2 ~~LLii~'lfll01'i'lll~il1VI11J1VI'lL~1J 1~u • • 
.I 1 "' "" .J u'ilfl!Jfllnl'i UL'VIatl'l'lf~'YI UL 
4.J 11:11 4!' cv..., 
'W"lf'YILLii~'l fllnl'i'lll~ MO (Mo-O U'l Mo- 2) ~~JJ1J1'V11JnLL'VI'I'llfl'l 
viu,LtJr:t{L%1JVI11J 1VI'lL~1J,LLa~mmw1u 1VI'lL~1J~1a'l ( V\1'11'1~ 3) (P<0.05) L~fl 1?l'mm'i 
'llu'li'J"lfJ,wumL i~'ll u'li'J'ZfLLa~mmw 1u 1VI'lL~1J'llu'lviu L ~1J2J1VI'i~11J ~~ii1JJ1'imL u-!li'J"lfu un 
fll ' "' "' .J ( "" .J • I ,.. Lu1J 4 n~:J.J Afl 'W'Zf'YI'lll~ Mo 11JLI.'i'l Mo-O),'W"lf'YI'lll~ Mo u11Jfla1'1 (Mo-l U'l Mo-3) 
"' .J ,;; "' .J. I ""· ( ,.. 'W"lf'YI'lll~Ua01JflU Mo-4 LLa~'YiuOVII Mo-5 U'l Mo-6) 
2. ~'YIB'Wa'llr:t'lm'l1ri Mo viumli:J.JL"li'JJ"liu'llu'l Mo 1uri1uvi1'1 '1 i'J"lf 
A1lJJL-lJJJ-lJ1J'llfl'l Mo 1uri11Jvil'l '1 'lltl'li'J"lf L~:J.Jt1JL~flL~JJflVI'i1UU Mo LLa~a~a'l • 
~ 4 'Y ..., 1 .. 1 .d q cv ' .. ~ fV 
L2Jfl'W"lffllqJJ10 A11JJL'lJJJ'li1J'llfl'l Mo 'llfl'l~'l 1Ju:J.J L:J.JflL'YIUUOUii11Jfl1J'llfl'I'W'Zft'lm~~U01'i 
1 'il "' .J ... ... "' ., .J 0 "' .J ii ,u UnL11J'YI'i~~UMo-6 'Zf'IA11J.JL'li:J.J'li1J'llfl'l Mo ~~~'IJ.JlO'Yia1VI1J (VIl'il'I'YI 4) 
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ifluLLfl (UL LLGl::: TF1b) fi11:1JL?J2J'fi'Wtlrl'l Mo L~t~tfu1ua~J.'i1'WL~OUat.l L~EIL~tl 
~~".i1m".i1ai1a Mo Vi"lf~t1Glo1~alt~1rii1a Mo (Mo-O) fl11t1L'rit~'riu"LLeN Mo 1uri1'W~1'1 ., 
• ._. ' I 
"i..eNVi"lf~:::~1ti10 l~a..t1 1 ltl~:::urmoi1 12 ng Molg "i..rNthYI'IJO am1u1utlt~ LLa:::"i..rH 
"1 d .,.,J o$111 ...... 1' nl'W U YFEL-1 (~1".i1'1'YI 4) 'W"lf'YI"i..1~ Mo LGlO'Wtltl (Mo-4) fi112JL"i..tl"i..'W"i..tl'l Mo 'Wiif1'W 
~1-:a ., "i..fl'l-ri"lfa-:aoiTr4"lf~tlGlo l~a hil~~ui:Ja Mo 
I ~ ~ • 
• .,j d 
3. Ol".iLL'W".im:::~1tl LLa:::Ol".iLfiGlti'W'YI"i..tl'l Mo 
Vi"lf~l~~ui:Ja Mo-o ii-:a Mo-3 tlt~~:::LiJ'WLLVIa-:aa:::at~ Mo mo~a~ (~1".i1'1~ • • 
5)mmruMo 1uut~Vi"lf~t1Glo l~a hil~I:H'i:Ja Mo ~:::a-:aoi1mt11ru Mo 1w;h~uii-:a 200-., . " 
400 Llh LLGl:::iif'IOi11'W1uii-:a 20-40 Llh mh-:ah~~12J L~EIL~tl~~".i1Utl Mo U~tl1tu Mo " . 
.,: .r1"'' d 1' ..,..,. 'tl ~:::a:::iiftiL'Wtll"i..'W 'Wiif~iif1'W'Yitl10 'Wiif1'WLVI'Wti~'Wtl10011 2J 
tl~t11tu Mo 1 'W 1 ULLfi TF1 b "i..fl'l-ri"lf~UGlO 1~a1~~1JUtl Mo-O LLGl::: Mo-3 ~:::fl'l~ " . 
1 . o$ d .l: d 'tl"' .,j .. 1 "'"' ..ll ... 1 . 'W"lf1'101".iLOULOtl1fl".i'I'YI1 LLGl::: 2 LL~ ".itlltu Mo Gl~Gl'ILtltiV."lf ~".iU Mo-6 r;flVI".iU Ur.lti'W 
.,).; o$ d.~ d"" .r 
'YIL~L~ti'YI u".itl1tuMo Gl~Gl'IL2JtiV."lftl1tltllO"i..'U • 
"" .. 
1~1'lflUJa 
tn".iLLV.~O".i:::~1tl"i..tl'l Mo ma1u~uihL:Um~hl'l1 
amftu:::tn".iLLV.~m:::~1f.l"i..tl'l Mo L'W~'W(\'1Liim~hl111 ~r.ltn".ilai:Ju Mo iiaotitu::: • 
9/QJJ, 4 1.odil c!~d 
fiGl1tiOU(l1LVIGltl'l (Chotechaungmanirat,1988) 0Gl11fltl V."lf'YI"i..1~li1~ Mo ".i'WLL".i'lfi112J • • 
L'fit~'fi'W"LLtl'l Mo 1ulu~:::iifi112JLL~0~1'1Utltlt110 L~tiL~tiUtl Mo Vi"lf~:::iim".i~t!Uiif'Wr.H~tl • 
i1 'i 1 . .,).; o$ d .. d1""' .. • .,. .,. 'i " 1:.1 Mo L~f.IL\l\'41::: Utlti'W'YIL~L~ti'YI V."lf'YI ~".iU Mo LV.f.I'IV.tl~tlfl1".iL~".illiL~UL~fi112JL"i..tl 
• v 
i'W"LLtl'l Mo lun1ulu'o\l:::a'1mooi1lu .. 
fi112JL'rit~'riu"LLtl'l Mo 1utlt~ 'o\l:::a-:aoi1m1m'rit~'ll'W"LLtl'l Mo ·luri1'WLVIUti~'W :b'll-H'~a 
'U 
cv ~ ~ 
fJGl1f.lfJ1LVIGltl'l (Hashimoto and Yamasaki, 1976),Common bean (Franco and Munns, 
1981) 
tn".iLfl~t~'Uihu"LLa-:a Mo mulu-ri"lf 
!:! .lid' • """' d d . ~"" 
01".iv!Oti1fl".i'I'WV.U11 Mo 2J(l0titu:::Ol".iLfiGlti'W'YILLUU variably phloem mobile.'lf'ltl 
aOtitu:::fltl1f.lfl1J Cu lu'fi11ii1'1a (Hills LLGl:::fltu::: 1979) LLGl::: subclover (Reuter LLGl::: 
• .. -~ 11 ,.J 11 • .,).; ~ d .. d fltu:::1981 ) 0Gl11fltlu".i2J1tu"i..tl'l Mo 'W ULLO'YI~~ TFl b LLGl::: 'W Uti ti'W'YI L~L~ti'YI"i..ti'I'W"lf'YI 
1"'"' "' d .. .r ~ ... ~ ""' "" d d 1 ~".iU Mo LV.t.I'IV.tl'o\I:::Gl~Gl'ILtltiV."lftlltltllO'lJ'U "lHVILVI'WfJ'I Mo tlnl".iLfiGlti'W'YitltiO'o\110 U • 
:b-:am'o\l'o\1::: 1 tlaLtl~~ L'W'YI1'1~".i'l'ri1t~ Vi"lf~'lJ1(1lli1~ Mo-O LLa::: Mo- 3 tl~tl1tu'lltl'l Mo lulu " . . l . .,).; o$ d do! • ~ d l" o$ • 1 '"' .,j LLnLLGl::: Utlti'W'YIL~L~ti'YI 'o\l:::fi'I'YI L'W".i:::VI11'101".iLOULOf.l1 LLiif~'l VILVI'W11 Mo 2Jtlfl1".iLfiGltl'W 
" l d ... f.llUtltiO'o\110 U'lltu:::'YJV."lf'lll~ Mo 
L'Wri1'W'lltl'la1~'U mt11tu'llrJ'I Mo ~:::L~ti'YI~tl hhtl~ti'WLLUGl'IL'W".i:::VIi1'1tn".iL~U 
Lifmfl~'l~l LLa::: 2 LLiif~'li1a1~'WLiJ'Uri1'W'lltl'l not phloem mobile tl~1'1 h~mt~l'Wtn".iAOti1 
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1ufl~-l!if hil~'ri1oTn~mrlm 'H~-I!"O,J10oW?Jmq 44 1u ~-~~ hia1JJ1"Ula1tJ1~·h Mo ijm, 
... 1Jf •"411 Lfi5Ul'Uf.l1tlvfiO'O,J10a1fiU'H"lfl JJ 
... "" .,J .. ., I "" .,J 1 'W'lfln"1"13Jn1"1Lflaf!U'Yitlfl-l! Mo fla1ti01.J Cu L'W"11:n1 n1"1Lfli'ifi'U'Yitlfl-l! Mo 'U 
..r IGI Ql 'llliJ 1"".,J .... I 11 ""II 
phloemtl'U8tf01.Jflfl"l1n1"1 L'Pl ,tl Mo 'U'W'Pl'Yitl1~ Mo 1'ULL"l-l! 'O,J~~L'H3Jfi'U11 Mo 3JLfli'iflf.l1tl 
1 111 ""1""' .. .. "" II 1!-J 'U phloem LLfiU1'W'Pl ~"1\J Mo L'Wti-I!'Wfl Mo 'O,J~3Jn1"1Lfli'ifi'Uf.l1tl ~ L'U phloem 
m"lAO'M1fl~'~~ifEi-~~wuao·hT4?J~tJ1~ 1 u 1fi"1L'O,JU'O,J~ hiijm,wmhmJJ1WtJfl'~~ Mo flflo 
1 1 "" II 1 11...¥ "" "" .. 1 1 1 '0,)10 1.JLLft~-1!11n1"1Lflaf!Uf.l1tltlfl-l! Mo · 3J ~tlU8tf01.Jn1"1Lfli'ifiUf.l1tltlfl-l! U fl"l 'O,JU 
n1"1AOti1fi113Jtl3J~UH "l~'H'h-lln1"1LL'Win"l~'O,J1f.ltlfl-1161flfi1'H1"11l1t11uT4'Pl tl\J"l~~\J • 
1 Iii fill ~ "'"" ., l: .,J .,J Ql 1-~- ~ I "" "" 1 01"1 a ,mu'Uct-l!n •flty"l..U'HU-I!'YI'O,J~'WWIU1 utHn1"1rJOti1fi110qfl (critical point) ~tl 
Q.l -C~toai -Cito '4'4 0 ' ., ., 1 1 . .J.r 1:1 .J 1 
fl1f'ltl1tin1"11Lfi"11~'H'W'Pl LL'U~'U111fi113J Ltl3J"l..Utlfl-1!61fl81'H1"1 'U \Jflfi'U'YI Lf1Lfi3J'YI ~f.ILU'W1~ 
fill ... .,J .. 
'W10variable mobile Lu'Ufi1LL'YIU'YI~ 
lum"lAOti1fl~-llif lu YFEL+ lb, YFELb ua~ YFEL-lb flv1.Jft'Ufl-ll~fln1"1laiJe • 
Mo 1~ilo·hl1.JLLO LW'U TFlb LLa~ UL u~1fulufifiU'W10 YFEL+lb, YFELb LLa~ YFEL-
1 fill Ql .,J o;l "" ~ I ... ... ..r fill I .,J 
1 b U1'0,J~Lu'Ufi1LL'YI'U 'Y1Ln1.J3J11Lfi"11~'H'H1fl11~10qfl 'Uv0'0,J10U Mo Lu'Uft1U'H'U-I!"l..fl-l! 
nitrogenous !i-llfltJ1 utJJJtt1LfiU 1'lf3l'if'ri1'HU1~fl;-l! 1 u 1fi"1L"O,JU tJJJ~-11 L i:luao ri1u'Hif-ll"llfl-l!oW'H 
ii1'Hi'1.JL~1.JJJ11Lfl"11~....r'H1~11~1oqfi 
fl111~fi a a'Yifi'WatJfl-lln1"11a1JJau~,tJJ~mf,..,,rou1i-lltJv-llviu (Shoot DM,oi'JJtviu) 
fi113JLti'JJti'U"l..fl-l! 1u1fi"1L'O,JU (N cone.;% N), tJ';JJ1W1u1fl"lL'O,J'U (N content, 
--QI.., ,],4 .. Q.l 
JJaamJJ/fiU) tlfl-l!tnLtltn LJJflmtl 28 LLa~ 44 1u • 
il 
... ... 
,tl Mo 28 1'U 44 1U 
Shoot DM N cone. N Content Shoot DM N cone. N content 
... ... ... 
0"13.1/fi'U %N 3.10./fiU 
Mo-O 0.6 1.8 10 1.6 1.8 29 
Mo-l 0.6 2.7 17 3.6 2.1 74 
Mo-2 0.7 3.0 22 5.9 2.1 123 
Mo-3 1.0 4.0 38 7.9 2.5 201 
Mo-4 1.0 4.0 41 9.9 2.6 255 
Mo-5 1.3 4.3 55 10.5 3.0 311 
Mo-6 1.1 4.3 48 9.7 3.1 299 
LSD 0.05 0.2 0.5 7 1.2 0.4 37 
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Mo-6 105 158(20) 1518(346) 1239(146) 1029(97) 1048(40) 15225(1967) 8743(555) 1526 8243 5659 
A= fl~~~~~L5VAfll~l~~ 3, -=Not determined 
u, 
d ., cil • 























IA111'11n 5 a'Yiuvun.Ja'l1m11a~a Mo vimn1.11ot11Jau~1ill (ngtfiu) 1u,bu~h~ 1 t~a~ 
J., ~ ... Q.l 
fi1L't1El1Lllflfl1~ 28 LL~~ 44 1U 
ila Mo • . . ... 
tf1UIA1~ 1 'tlfl~'W'lf Mo-O Mo-3 Mo-6 
., 
281U 
ULa 0.5(0.03) 1.0(0.07) 6.7(1.03) 
TF1b 0.4(0.03) 1.3(0.12) 59.0(3.1) 
YFELb 0.6(0.08) 7.1(0.6) 1231.0(268) 
TF1p 0.1(0.01) 0.4(0.01) 148.0(2.8) 
YFELp 0.1(0.01) 2.6(0.36) 410.0(22) 
Stem1 0.2(0.08) 3.3(0.43) 2504.0(336) 
Stem2 0.1(0.01) 3.2(0.31) 1475.0(114) 
Nodules 37.8(3.8) 502.7(52) 2703.9(221) 
., 
441U 
UL 0.1(0.01) 0.5(0.1) 6.6(0.2) 
TF1b 0.6(0.1) 1.1(0.1) 20.5(1.9) 
TF2bB 0.5(0.1) 3.8(1) 568.0(103) 
TF1p 0.1(0.01) 0.3(1) 46.2(2.9) 
TF2pB 0.1(0.01) 0.5(0.1) 649.0(56) 
Stem1 0.9(0.1) 3.3(0.1) 4598.0(508) 
Stem2 0.3(0.01) 1.8(0.4) 1364.0(178) 
Nodules 89.9(5.8) 1076.0(88) 3671.0(550) 
"" .J .J ., ... .J ., 
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